Background and Aim: Acute kidney injury (AKI) in severe acute pancreatitis (SAP) has a high mortality rate. Traditionally used serum creatinine is an insensitive biomarker for the early detection of AKI. We aimed to study the role of plasma and urinary neutrophil gelatinase-associated lipocalin (NGAL) in predicting AKI and a severe course in patients with acute pancreatitis (AP). Methods: Consecutive patients of AP who presented within 72 h of symptom onset and age-and gender-matched healthy controls were included. Urinary and serum NGAL levels [enzyme-linked immunosorbent assay (ELISA)] were evaluated within 24 h of and 72 h after admission and once in controls. Urine and serum NGAL levels were correlated with development of AKI, severity, and outcomes of AP. Results: Fifty patients with AP and 30 controls were enrolled. The mean serum and urine NGAL levels in patients on day 1 were significantly higher than the serum and urine NGAL levels in controls (P < 0.001). After excluding patients with AKI on day 1 (n = 10), both serum and urinary NGAL levels on days 1 and 3 were significantly higher in patients who subsequently developed AKI (n = 11) compared to those who did not (n = 29) (P = 0.02, 0.01 and P < 0.001, 0.03). A urinary NGAL level of 221.03 ng/mL on day 1 predicted AKI with a sensitivity and specificity of 82 and 80%, respectively (AUC = 0.9). Mean serum and urinary NGAL levels on day 1 were significantly elevated in patients with SAP compared to those without SAP (P = 0.04 and <0.001). Conclusion: NGAL levels in urine and serum can predict severity of AP and development of AKI.
Introduction
Acute kidney injury (AKI) is a common complication of severe acute pancreatitis (SAP) and is associated with a high mortality despite optimal intensive care.
1 There are no reliable and sensitive markers of early AKI that can be used for prevention and early management strategies. 2 Recent studies have identified many emerging markers of early AKI, including cystatin C, 3 interleukin-18 (IL-18), 4 kidney injury molecule-1 (KIM-1), 5 and neutrophil gelatinase-associated lipocalin (NGAL). 2 NGAL is a 24 kDa glycoprotein belonging to the lipocalin superfamily of proteins and is released by activated neutrophils from areas of infection and inflammation and acts as a bacteriostatic agent. 6, 7 NGAL is an established biomarker of renal injury. [8] [9] [10] Urinary and serum/plasma NGAL levels are elevated within 6 h of the kidney injury, while the rise in serum creatinine levels occurs only after more than 50% of renal function is lost, which may take days. 11, 12 Expression of NGAL mRNA increases more than 1000-fold in response to kidney injury and manifests as rapid elevation of urine and blood NGAL levels, making it useful as an early biomarker. 9, 13 It has been shown that elevated NGAL predicts the development of AKI before serum creatinine in conditions such as cardiac surgery-associated AKI, after renal transplantation, contrast AKI, and AKI in the critical care setting. Studies have also demonstrated the utility of early NGAL test in predicting the prognosis of AKI. 14 There are limited data showing serum and urinary NGAL as a marker of severe AP and as a predictor of AKI in AP. [15] [16] [17] The aim of this prospective study was to compare urinary and serum NGAL levels in predicting the development of AKI, severity, and mortality in patients with AP.
Methods
This prospective study was conducted in the departments of Gastroenterology and General Surgery at Postgraduate Institute of Medical Education and Research, a tertiary care referral center in Northern India, between January 2011 and June 2012. The study was approved by the Institute's Ethics Committee, and the Indian Council of Medical Research guidelines for conducting a research were followed.
After informed consent, patients older than 12 years of age who were admitted with a diagnosis of AP 18 and presented to us within 72 h of the onset of symptoms were enrolled in the study. The revised Atlanta classification was used to categorize the severity of AP as mild, moderately severe, or severe. 19 Patients were excluded if they had a diagnosis of chronic pancreatitis (CP) (definitive features on imaging like pancreatic duct dilation, pancreas atrophy, and presence of pancreatic calcifications), chronic kidney disease, 20 and significant comorbidities (including chronic obstructive airway disease, cirrhosis, bronchial asthma, and congestive heart failure). Serum creatinine, blood urea, serum sodium, and potassium levels were measured every day in all the patients who developed AKI until they became normal, after which they were repeated every third day. Serum and urine samples from consenting healthy blood donors without any comorbidities, especially kidney disease, in the past/ present, without any recent history of nephrotoxic drug intake or urinary tract infection were taken for NGAL measurement.
Management of acute pancreatitis (AP).
Management of patients was according to the standard guidelines. 18 Aggressive hydration with 250-500 mL per hour infusion of crystalloid solution was given to all patients in the first day. In the next few days, fluid correction was guided by the patient's blood pressure, urine output, heart rate, and hematocrit. No prophylactic antibiotics were given. All the patients were managed in a ward or intensive care setting based on their clinical situation. Patients underwent contrast-enhanced computed tomography (CT) scan after day 5. Patients were monitored for the presence and severity of organ failure (Modified Marshall organ failure score) 21 every day during the first week and periodically after that. Subsequent local complications, sepsis, and death during the same hospital admission were recorded. The course in the hospital and final outcomes were recorded.
AKI. According to the Modified Marshall organ failure score, an organ failure is defined as a score greater than or equal to 2, which in the case of AKI is defined by serum creatinine level ≥1.9 mg/dL. 21 Transient organ failure was defined as organ failure present for less than 48 h, and persistent organ failure was recorded when organ failure was present for ≥48 h. [22] [23] [24] The Acute Kidney Injury Network (AKIN) classification was also used to identify patients with AKI (increase in serum creatinine by ≥0.3 mg/dL or a percentage increase of greater than 50%). 25 Patients with AKI by AKIN criteria on day 1 after admission were excluded from analysis.
Measurement of NGAL. Serum and urine were collected from all patients within 24 h of admission and again after 72 h. They were collected from all controls once only. The samples of serum and urine were labeled and stored frozen and evaluated for NGAL level using ELISA test kits (ELISA, BioPortoDiagnositics, Copenhagen, Denmark).
Data analysis. The data were analyzed using SPSS software (IBM corp., Armonk, NY, USA) Quantitative data were described in terms of means and standard deviations, with 95% confidence intervals for continuous variables with normal distribution, median with range for nonparametric variables, and categorical data shown as proportions. We checked the data for normal distribution using the Kolomogorov Smirnov test. Normally distributed continuous variables were compared using the student t-test. Nonparametric data were compared using MannWhitney test. For more than two groups, one-way ANOVA was used. Cut-off values for predicting AKI, Atlanta severity, and mortality were evaluated using the area under the receiver operating curve (AUC). The ability of this cut-off value to predict the above variables was then evaluated. A P-value of <0.05 was considered statistically significant, and two-tailed P-values were used as indicated.
Results
A total of 345 patients with AP were admitted to our facility during the study duration. Fifty patients who fulfilled the inclusion criteria and consented for the study and 30 (age-and gendermatched) healthy controls were included in the study. Most patients (43, 86%) were admitted with their first attack of AP. All the patients who presented with a repeat attack had alcohol as their etiology. The severity distribution of AP was mild in 15, moderately severe in 12, and severe in 23 patients. Patients with kidney dysfunction were identified by the Modified Marshall Score AKI criteria and the same cohort of patients also fulfilled the AKIN classification criteria 25 for AKI. AKI developed in 21 (42%) patients, of whom 10 (48%) had transient and 11 (52%) had persistent AKI. The median duration of persistent AKI was 8 days (range 2-14). Dialysis was required in 4 of 11 of those with persistent AKI, hemodialysis in 3, and peritoneal dialysis in 1 patient. AKI was associated with other organ failures, with 13 patients developing acute lung injury and 6 patients developing acute cardiovascular failure; 15 patients had acute lung injury (ALI) performed. All patients with cardiovascular failure had AKI. Patients with AKI had a significantly longer (6.2 AE 9.7 days) intensive care unit stay than those without AKI (0.7 AE 2.8 days, P = 0.02) ( Table 1 ). Ten (20%) patients died; 4 of these patients had transient AKI, and 6 had persistent AKI.
NGAL levels. The mean serum and urine NGAL levels in controls were 15.10 AE 6.3 and 4.26 AE 4.5 ng/mL, respectively. The mean serum and urine NGAL levels on day 1 in patients with AP (587.6 AE 251.5 ng/mL & 252.8 AE 165.9 ng/mL) were significantly higher than the values in the controls (P < 0.001). There was no significant difference between serum NGAL levels on day 1 and day 3 (P = 0.66), but the mean urine NGAL level on day 1 was significantly higher than the level on day 3 (P = 0.01) ( Table 2 ). There was moderate positive correlation between day 1 serum and urine NGAL levels (r = 0.6, P = 0.001). Similarly, there was moderate positive correlation between day 3 serum and urine NGAL levels (r = 0.5, P < 0.001). There was a strong positive correlation between day 1 and day 3 serum NGAL levels (r = 0.7, P < 0.001) and day 1 and day 3 urine NGAL levels (r = 0.7, P < 0.001). Serum and urine NGAL levels were significantly higher in patients with AKI on day 1 (n = 10) compared to those without AKI on day 1 (n = 40). Table 3 gives mean NGAL levels in urine and serum in different subgroups of patients of AKI.
NGAL levels in predicting AKI. After excluding patients with AKI on day 1, the mean of both serum and urine NGAL levels on day 1 were significantly higher in patients who subsequently developed AKI compared to those who never had AKI (Table 4) . After excluding patients with AKI on day 1, serum NGAL on day 1 at a cut-off level of 790.9 ng/mL predicted AKI with a sensitivity and specificity of 64 and 96%, respectively (AUC = 0.8, P = 0.012). Similarly, urine NGAL on day 1 at a cut-off level of 221 ng/mL predicted AKI with a sensitivity and specificity of 82 and 80%, respectively (AUC = 0.9, P < 0.001) (Fig. 1) . Serum NGAL on day 1 at a cut-off level of 790.9 ng/mL predicted persistent AKI with a sensitivity and specificity of 80 and 89%, respectively (AUC = 0.8, P = 0.019). Similarly, urine NGAL on day 1 at a cut-off level of 395.3 ng/mL predicted persistent AKI with a sensitivity and specificity of 80 and 92%, respectively (AUC = 0.9, P = 0.003).
NGAL levels in predicting severity. The mean day 1 serum NGAL levels in patients with mild, moderate, and severe AP after excluding those with AKI on day 1 were 433.6 AE 213.5 ng/mL, 532 AE 181.8 ng/mL, and 669.3 AE 286.2 ng/mL, respectively (P = 0.037) (Fig. 2) . Similarly, the mean day 1 urine NGAL levels in patients with mild, moderate, and severe AP were 128.3 AE 62.6 ng/mL, 189.3 AE 123.6 ng/mL, and 372.9 AE 168.3 ng/mL, respectively (P < 0.00) (Fig. 2) . The mean serum and urine NGAL levels in the non-severe group (mild and moderate, n = 27) were 477.3 AE 286.2 ng/mL and 155.4 AE 97.6 ng/mL, respectively. The serum and urine NGAL levels were significantly higher in the severe compared to the non-severe group (P = 0.04 & P < 0.001). A cut-off serum NGAL level on day 1 of 706.4 ng/mL had a sensitivity and specificity of 61.5 and 85.2%, respectively, to predict the development of severe AP (AUC = 0.7, P = 0.45). Similarly, the cut-off NGAL urine level on day 1 of 195.5 ng/mL had a sensitivity and specificity of 84.6 and 87.8%, respectively, to predict severe AP (AUC = 0.87, P < 0.01). By definition, patients with AKI either have moderate or severe AP. After the exclusion of patients with AKI on day 1, all the other patients who developed AKI also had SAP either due to AKI or other organ failures. None of these patients had moderate AP despite having transient organ failure.
NGAL levels in predicting death. Overall, 10 (20%) patients died in the study group of patients with AP. After excluding patients with AKI on day 1, mean urine NGAL level on day 1 was significantly higher in patients who died compared to those who did not (226.8 AE 150.9 and 443.3 AE 155.9 ng/mL, P = 0.02). However, there was no significant difference between the mean serum NGAL level on day 1 between patients who died compared to those who survived (570.9 AE 245.5 and 709.9 AE 284.5 ng/mL, P = 0.2). Day 1 serum NGAL levels at a cut-off value of 420.58 ng/mL predicted death in patients with AP with a sensitivity and specificity of 75 and 35%, respectively, with an AUC of 0.56. Day 1 urine NGAL at a cut-off value of 378.2 ng/mL predicted death in patients with AP with a sensitivity and specificity of 83 and 80%, respectively, with an AUC of 0.838.
Discussion
We found AKI to be a common complication of AP. Most patients developed AKI within the first week of illness, with half of them having AKI at presentation. NGAL was significantly elevated in patients with severe AP and in patients who died. We found that urinary and serum NGAL levels were elevated in patients with AKI, when compared with those without AKI. These results are similar to a recent published study. 19 In addition, when we looked at the value of NGAL on day 1 in predicting subsequent development of AKI, we found that both serum and urine NGAL levels were significantly higher in patients who went on to develop AKI. At a cut-off value of 221 ng/mL, urinary NGAL on day 1 had an AUC of 0.909 to predict the development of AKI. In a systematic review and meta-analysis by Haase et al. on the role of urinary and or serum NGAL as a biomarker for predicting AKI in different diseases, the AUC for NGAL to predict AKI was 0.8. The AUC for serum and urinary NGAL was similar (0.7 and 0.8, respectively). 14 None of the studies in the meta-analysis included AP patients.
Serum NGAL levels were higher than urinary NGAL levels on day 1 as well as day 3 in our study. This is probably due to predominantly extrarenal source(s) of NGAL in patients with AP, which is not completely filtered by the glomeruli and is also reabsorbed by the tubules. Our study also found that urinary NGAL levels were better than serum NGAL levels in predicting the subsequent development of AKI. Koyner et al. studied the role of serum and urinary NGAL levels in patients undergoing elective cardiac surgery and found that urine NGAL was better in predicting the development of AKI postsurgery. 26 A recent meta-analysis, however, concluded that serum NGAL was as good a predictor of AKI as urinary NGAL. 14 There are two studies that have evaluated the utility of NGAL as a marker of severity in patients with AP. Chakraborty et al. used serum NGAL levels to differentiate mild and severe AP. In their study, NGAL levels were quantified in serum from 28 mild acute pancreatitis (MAP) and 16 SAP cases and compared with 28 CP and 30 healthy control samples. Mean serum NGAL levels were significantly higher in SAP compared to MAP, CP, and healthy controls. 15 In another study, urinary NGAL levels were found to be significantly elevated in patients with severe AP and in patients who died. Elevated NGAL levels at admission and after 24 h could predict severe AP and mortality. 16 In our study, we also found that urinary and serum NGAL levels could differentiate mild, moderate, and severe AP. NGAL is a glycoprotein released from areas of inflammation from activated neutrophils, so it stands to reason that NGAL levels are elevated in pancreatic inflammation. It can be argued that organ failure reflects the severity of pancreatitis, and hence, NGAL levels are expected to be elevated in its presence and would thus correlate with the severity of AP. All patients with AKI in our group, after excluding those with AKI on day 1, had SAP, which goes to show that AKI is, in fact, a manifestation of SAP rather than the cause of it.
Chakraborty et al. found that there was a steady decline in serum NGAL levels 48 h from the onset of severe AP. 15 In a mouse model of AP, they observed that serum NGAL levels after 6 h of saline or taurocholate infusion into the common bile duct (to induce AP) were significantly higher compared to control mice. Serum NGAL levels in SAP were significantly higher than those with MAP at 24 h and 48 h; the levels started declining after 24 h. Although most of our patients presented to emergency after 48 h of onset of symptoms, there was a decline in serum and urine NGAL levels from day 1 to day 3 of admission, which was statistically significant only for urinary levels. In addition, most of the patients had AKI in the first week of illness. This supports the case for using day 1 NGAL levels as a marker of AKI and for prognosticating AP.
The source of NGAL rise in patients with AP can be both renal, due to injury or stress, and extrarenal. There are no prior studies looking at the precise origin of NGAL in patients with AP. Extrapolating the available evidence, NGAL appears to come from both pancreatitis and renal damage. However, the bulk of NGAL that is released into the bloodstream is probably related to either direct pancreas injury or its effects on the rest of the body including kidney. This is shown by the fact that the mean NGAL level is much higher in the AP population compared to the levels quoted in literature in patients with AKI alone. We also excluded patients who had AKI at the time of evaluation to remove this bias. Renal cause of NGAL rise could be due to ischemia and cytokine-mediated injury to the tubules. 27 We hypothesize that fluid sequestration, systemic inflammatory response syndrome, and hypovolemia in AP lead to renal hypoperfusion and hypoxia-induced injury to the medullary tubules of the kidney. In a mouse model where lipopolysaccharide (LPS) was injected to induce renal injury over the next 3-12 h, there was elevation of NGAL mRNA expression within the tubular epithelia during the same time. There was a transient increase in tumor necrosis factor (TNF)-alpha levels within 3 h of LPS administration, with a strong correlation between TNF-alpha and NGAL mRNA expression. They concluded that NGAL upregulation was sensitive to LPS-induced AKI. 28 TNF-alpha is known to be elevated early in patients with AP and is believed to mediate many of the detrimental consequences of AP, including AKI. 29 The probable extrarenal source of NGAL is most likely from activated neutrophils and macrophages, which could explain the rise of NGAL levels in all patients with AP. This is further supported by evidence from a study where a significant correlation was found between urinary NGAL levels in patients with AKI and serum neutrophil myeloperoxidase levels. 30 We believe that the renal damage is more a manifestation of the SAP. The presence of AKI shows that the inflammation was more severe, which led to, possibly, renal hypoperfusion that was enough to cause acute tubular necrosis (ATN).
Haase et al., in their meta-analysis, showed the utility of NGAL as a sensitive and specific prognostic marker with respect to predicting requirements for renal replacement therapy and hospital mortality in various predisposing conditions, such as critically ill adults and children and after cardiac surgery. The cut-off values to predict requirement for renal replacement ranged from >80 to >680 ng/mL, and the cut-off value to predict mortality ranged from >80 to >570 ng/mL.
14 Our study also found that a cut-off value of 378.2 ng/mL urine NGAL predicted mortality with a sensitivity of 83% and specificity of 80%.
Our study was limited by the small number of patients; further studies with larger numbers of patients would establish it as a marker of AKI and severity of AP. Most patients of AP who present to our tertiary establishment are referred from smaller hospitals from surrounding areas with a delay for close to 24-48 h. We believe that using NGAL on the first day of symptom onset would predict the onset of AKI and severity better, and study designs to include this as criteria would be prudent.
We could not exclude pre-existing renal disease in patients who had elevated urea and creatinine levels at admission. However, all such patients (survivors) reverted to normal renal functions at the time of discharge or on follow-up.
In conclusion, the present study shows that NGAL levels in urine and serum can predict the development of AKI, including the more severe 'persistent AKI' in patients with AP. NGAL levels also predict severity of AP. To the best of our knowledge, ours is the only study to use urine and serum NGAL for prediction of AKI in patients of AP. Development of renal injury is a critical event that significantly increases the morbidity and mortality of patients with AP, and so, its early prediction would improve chances of salvaging renal function. Hence, it makes sense to recommend NGAL estimation at admission. Urine NGAL appears to be more sensitive and specific compared to serum NGAL in predicting AKI and severity of AP as well as mortality.
